flux criteria. These events were analysed in detail; very similar preflare signatures noted in four (15%) of the cases. Otner unusual preflare behavior was noted in four additional cases. The most common signature was a steplike increase in signal amplitude, accompanied by a decrease or reversal in the degree of polarization. Such a signature occurred between a few minutes to a few tens of minutes before the start of the impulsive phase. Optical data, available in three cases, showed the microwave changes were simultaneous with either small brightenings or small-scale filament disruptions.
Physically, tnis precursive signature may be iuentified with the onset phase of solar flares, when slow heating in the metastable magnetic loops destabilize the system, leading to rapid energy release in the impulsive phase. The reason for the distinctive polarization signature is not understood at present, but may be related to the site of the heating within the magnetic loops. , This signature was quantified in terms of a computer program, ONSET, which was used to review the second half of the data base. It succeeded in 'predicting' a comparable percentage (5 out of 54) of major flares observed between September 1, 1980 and March 31, 1981 . The false alarm rate was evaluated using the first half of the data base and was found to average 3 per week. The false alarms can be attributed to four sources:
(1) Signal variations caused by the effect of the earth's rotation on the interferometer's response to spatially complex active regions.
(2) Predictions which led to smaller flares than the major flare identified using the adopted criteria.
(3) The crudeness of the adopted algorithm. (4) Real fluctuations in the solar radio emission which did not lead to flares. The false alarm rate was sufficiently low to eliminate random coincidences as a factor. It was far too high, however, to make single-frequency interferometric polarimetry a practical stand-alone tool for short term flare prediciton, except in the most false-alarm tolerant situations.
If qyrore.onance opacity plays a significant role in the microwave emission at 10.6 GHz during the onset phase, then it would be expected that multiple-frequency interferometry would be able to significantly reduce the false alarm rate as well as increase the fraction of flares with distinctive preflare microwave signatures. 
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Twenty-seven major flares which occurred between February 19
and August 31, 1980 and for which good quality interferometric data were available, were selected using optical, soft x-ray OR microwave flux criteria. These events were analysed in detail; very similar preflare signatures noted in four (15%) of the cases. Other unusual preflare behavior was noted in four additional cases. The most common signature was a step-like increase in signal amplitude, accompanied by a decrease or reversal in the degree of polarization. Such a signature occurred between a few minutes to a few tens of minutes before the start of the impulsive phase. Optical data, available in three cases, showed the microwave changes were simultaneous with either small brightenings or small-scale filament disruptions.
Physically, this precursive signature may be identified with the onset phase of solar flares, when slow heating in the metastable magnetic loops destabilize the system, leading to rapid energy release in the impulsive phase.
The reason for the distinctive polarization signature is not understood at present, but may be related to the site of the heating within the magnetic loops.
This signature was quantified in terms of a computer program, ONSET, which was used to review the second half of the data base. It succeeded in 'predicting' a comparable The overall methodology of the study was to identify a set of major flares for which we had interferometric observations both of the impulsive phase and of the preflare situation. The preflare microwave activity was then examined in detail to identify any potentially unusual behavior; that is, changes in any aspect of the microwave signal that could not be attributed to the normal change in amplitude, phase or apparent degree of polarization due to the rotation of the earth and consequent change in the fringe spacing or orientation. (As discussed by Kundu and Alissandrakis(1975) , such effects can cause a stable source to display a variable interferometric signature.) Changes attributable to instrumental effects, such as pointing, tracking or atmospheric effects were also disregarded. The sensitivity of the system to preflare changes varied markedly from event to event. In some cases, where the active region structure was simple, a very stable interferometric response was observed and relatively subtle preflare signatures would have been readily apparent. In other cases, the interferometric output varied significantly through much of the day, due to a more complex distribution of microwave sources within the field of view and/or frequent (but minor) flaring activity. In such cases, only relatively gross preflare signatures changes could be identified.
The criterion chosen to define major flares for this purpose was that a flare had to have either optical importance 1 or greater, soft X-ray class Ml or greater, or 10.6 GHz flux density of 50 sfu or greater. Such a criterion was adopted so that an adequate number of events would be available for careful study and so that no preference would be given to one type of flare over another. Since the purpose of this work was to identify distinct preflare events rather than those of a more evolutionary character, each day was analyzed independently, and no formal attempt was made to compare the interferometric signatures from day to day.
Examination of the preflare microwave data for the 27 major flares identified in Table 1 showed very similar preflare microwave signatures in four cases, with other microwave changes in four others. Optical data from Big Bear Solar Observatory was also examined and will be referred to below.
III.
DISCUSSION OF INDIVIDUAL EVENTS
In this section we will discuss the prefiart; microwave behavior for the eight events that showed some type of preflare changes not attributable to the instrumental causes. This X2 event was indeed a major flare featuring not only gamma-ray and white-light emission, but also magnetic transients (Zirin and Neidig,1981; Zirin and Tanaka, 1981) .
A/
The impulsive phase of this event began at 1626 UT, early in the day at OVRO, but after a significant decrease in polarization at 1619 with the same character as the events 
F1 April 11, 1980
The event at 2312 on April 11 occurred on an otherwise-quiet day which featured a relatively stable microwave profile until a small event occurred at 2259 UT( Figure 9 ). The feature of note, however, is not the occurrence of this event, but rather the failure of the microwave profile to return to its previous level after this event was over. Instead, it remained at a stable, enhanced level until the major flare began at 2310. Note also the reversal in polarization between 2336 and 2348. 
IV. PRE-FLARE MICROWAVE SIGNATURE
Four of the cases discussed above display a common characteristic. A few minutes or tens of minutes before a major flare, a step-like increase in fringe amplitude occurs, accompanied by a decrease or reversal in the degree of polarization. It then remains at an enhanced state until the occurrence of the major flare. In some cases, the increases were accompanied by small brightenings in H-alpha, brightenings which otherwise might not be exceptional.
To objectively evaluate the significance of this preflare behavior and its potential usefulness for real-time short-term flare prediction, the signature was quantified into a computer-compatible form which could then be applied to a real-time data stream.
The algorithm adopted can be formally stated in the following procedure.
1.
Calculate 30-second averages of amplitude in right and left circular polarization. The foregoing algorithm represents an attempt to define an objective algorithm which could be applied to a real-time data stream. In practice, its application to the data was modified in two minor respects. In cases where inspection of the existing data displays clearly and unamibiguously showed that the criteria would or would not be satisfied, this state was accepted without confirmation by ONSET.
Calculate their sum and difference
Cases with any potential ambiguity were analysed by ONSET.
The second modification was that in cases where the criteria were marginally satisfied, so that predictions were successively made and withdrawn as the signal fluctuated around the threshold, the resulting multiple predictions were counted as one prediction.
The algorithm was used to test the significance of the preflare signature by applying it to the second half of the data base (September 1, 1980 to March 31, 1981 . Using the same criteria as defined above, 54 major flares were observed during this period. These are listed in Table 2 .
The same preflare signature was found in 5 of the 54, a fraction that is statistically consistent with expectations based on the first half of the data base. Figures 11 to 15 show the time profiles of these five events. Overall, the signature was found in 11% (9 of 81) major flares observed over a 58 week period at the maximum of the solar cycle.
The false alarm rate of such a signature was determined by applying it to the entire first half of the data base, 2. In a number of occasions, predictions led to flares which did not qualify as 'major' under the criteria adopted above or the prediction occurred too late into a real flare to be 3ignificant.
3. The algorithm adopted above was crude in the sense that it could have been refined to eliminate several false alarms without seriously affecting its success rate. Such complications were not felt to be justified at this time.
4.
There were some cases of apparently real solar variations satisfying the signature requirements which did not result in flaring activity.
V PHYSICAL SIGNIFICANCE OF THE PREFLARE MICROWAVE SIGNATURE
The impulsive or flash phase of solar flares represents the most rapid conversion of stored magnetic energy into energetic particles, thermal and mechanical energy. Thus for many processes (including those of solar-terrestrial interest), it defines the 'start' of the flare.
It has been
known for some time, however, (cf. Svestka, 1976; Martin, 1980; van Hoven et al., 1980 ) that there sometimes is energy release on a much slower time-scale preceeding the beginning of the impulsive phase. This onset phase of flares has been observed as H-alpha brightenings, EUV and soft X-ray emission. We interpret the present results to
show that the onset phase often has detectable microwave emission as well.
In retrospect, such microwave emission is not surprising.
The preflare active region emits microwave emission through thermal bremsstrahlung (free-free) and the gyroresonance process. Thus depending on whether the source is optically thin (free-free) or thick (gyroresonance), its emission is sensitive to temperature, electron density and/or the magnetic field strength, so that any significant change in these quantities is likely to be reflected in the microwave emission. The intensity of these changes in microwave emission as found here (often just a few tenths of a solar flux unit) would often render them below or just at the thresholo of detectability of typical radio patrol systems. There are observable here because of the sensitivity of the interferometer to small-scale sources.
Physically, the most interesting feature of the onset phase microwave emission is the polarization. Since I increases and V decreases, the additional emission must have the opposite sense of polarization from that which dominates the active region emission. Although the present work cannot definitively address this point, it does suggest that the sources (and, hence, the preheating of the active region plasma in the onset phase) may be occurring preferentially in the weaker, rather than the stronger magnetic field polarity.
VI CONCLUSIONS AND PROSPECTS
A distinctive signature, observable at 10.6 GHz with inteferometric polarimetry, has been found to occur a few minutes to tens of minutes before the beginning of the impulsive phase of 11% of major solar flares. Physically, this signature is identified with the onset phase of flare in which slow preheating of the active region plasma may lead to the rapid release of magnetic energy in the impulsive phase. Although the signature can be quantified so as to permit its automated identification in real-time, the false alarm rate of 3 per week seriously compromises its suitability for practical flare prediction.
It is possible that some of these limitations may be overcome by the use of multiple-frequency interferometry.
In particular, it should be possible to significantly reduce the false alarm rate since the 'structural nulls' discussed in Section V above, and which provided most of the false alarms, can be readily distinguished from real solar changes when observed at more than one frequency (or with more than one baseline at a single frequency).
With multiple- 
